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The possibility of using the photoacoustic effect to transform metals into a superconducting
state at room temperature is discussed. Laser radiation with a wavelength =~5-10"% m and pulse
duration =108 s when the laser power density is reached ~10'2 W/m?2 can cause in the volume of
metal a shock wave up to =10 GPa. The shock wave is accompanied by the generation of phonons
characterized by a frequency that is an order of magnitude higher than the analogous parameter
in metals, which increases the Debye temperature to a value =103 K, and, accordingly, increases
the value of the electron pairing constant A > 1. In accordance with the microscopic theory of
superconductivity in metals (BKS theory), an increase in these parameters should lead to an
increase in the critical temperature of the metal transition to the superconducting state. According
to estimates, the transition temperature can reach a value close to room temperature.

Keywords: high-temperature superconductivity, photoacoustic effect, electron-phonon
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OGroBOPIOETHCS MOKJIVBICTE BIKOPHCTAHHA (POTOAKYCTHUHOTO edeKTy A IIePEeBORY MeTANIB [0
HAATpOBizHOTO cTaHy mpy KiMHaTHIN TemuepaTypi. JlaszepHe BUITPOMIHIOBAHHA 3 JOBYKUHOI XBULIL
= 51076 m i TpuBamicrio ivmmymey =108 ¢ sa gocsrmenHs mimsHOCT HoTYsKHOCTL Nasepa =1012 Br/m2
MOYKe BUKJIMKATY B 00’€Mi MeTary yaapHy XBIEO BeuurHoi j0 =10 GPa. Yzapua xBuis cympoBoa-
JKyeTheA TeHepartiero OHOHIB, 1110 XapaKTePHU3YIOTHCA UYACTOTOH), AKA HA TOPANOK BEJITULHII IIEPEBUIITYE
aHanoriumHyil mapamMeTp y MeTaax, solmbirye remmeparypy Jebas o semrammm ~=10° K, i, Bignosigmo,
30LIbIITye SHAUEHHS KOHCTAHTY CIAPIOBAHHS eJIeKTPoHiB A > 1. Bimmosizmo mo mixpockormiuwol Teopii
HagmpoBigHocTi y meramax (teopii BKS), s6LiblieHHs sasHAYEHNX [apaMmerpiB Mae IPHUBECTH MO
8OLIBIIEHHST KPUTIYHOL TEMIIEpATypY IIepexofy MeTaly [0 HAIPOBITHOrO cramy. SrifHo 3 oLiHKam,
TeMIIEPATYPa IIEPeXOLy MOKe JOCATATH 3HAUEHHSA OJIMBBKOrO IO KIMHATHOL TeMIepaTypu.

Obcy:xgaeTca BOSMOYKHOCTD MCIIONL30BaHNA GoToarkycTruecKkoro sddeKTa AIa mepeBoma Me-
TAJUIOB B CBEPXIIPOBOZAAINlee COCTOAHIE IIPYU KOMHATHOI TeMIeparype. JlasepHoe m3iyueHIEe ¢
mumHON BomHBI =5-1070 M u mmTensHOCTBIO MMOyIBca =1078 ¢ mpm DOCTMIKEHMM MIOTHOCTH
morrroctn nasepa =102 Br/m? momeT BHISBATH B 00BEMe METAIIA YAAPHYIO BOJIHY BEIHMUMHOLN
o =10 GPa. Ygapuas BoiHA CONPOBOXKAAETCS reHepalyell (JOHOHOB, XapaAKTEPUYIOIINXCS dac-
TOTOI Ha HOPAAOK BeJMUNHEBI, IIPEBBIIIAIOITEl aHAJOTUUHLIN IIapaMeTp B MeTaljaX, YTO yBeJU-
uuBaer Temmeparypy HeGas mo Bemmumubl =10% K, 1, cOOTBETCTBEHHO, yBeINYMBAET 3HAUCHIIE
KOHCTAHTHI CIIAPMBAHUSA SJEKTPOHOB A > 1. B cooTBeTCTBMM ¢ MUKPOCKOIIMUYECKOI Teopumeit
cBepxmpoBoauMocTy B Merasiax (teopueii BKS), yBennuenve yxasaHHBIX IapaMeTPOB LOJIFKHO
IIPUBECTH K YBEJUUEHUIO KPUTHUUECKOH TeMIepaTyphl Ilepexofa MeTalja B CBEPXIIPOBOJAIIee
cocrosinue. CoryiacHo OLIEHKAM, TeMIepaTypa Mepexoja MOMKEeT LOCTUTATh 3HAUEHUA OJIM3KOro K
KOMHATHOI1 TeMIIEPATYDE.
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1. Introduction

Electrical superconductivity (zero electri-
cal resistance) of metals is a unique physi-
cal property that is important for funda-
mental science and is successfully used in
modern technical devices [1-8]. The main
factor limiting the widespread use of this
effect in practice is that superconductivity
of metals is realized at very low tempera-
tures (=1+20 K). This fact complicates the
use of superconductivity of metals in the
technique, and its implementation is eco-
nomically disadvantageous. In this regard,
an urgent task of modern materials science
is the search for new (not only metallic)
superconducting substances, as well as find-
ing additional conditions under which su-
perconductivity of metals would be realized
at a higher temperature than is currently
observed. In this case, a highly desirable
and most effective end result of these ex-
ploratory studies would be the discovery of
superconductivity at temperatures close to
room temperature (=300 K).

An important successful step in solving
this problem was the discovery in 1986—
1987 of the so-called "high-temperature”
superconductors [4-6]. They turned out to
be complex multicomponent compounds
(metal oxides), for example, YBaCuO, HgBa-
CaCuO and others. The critical temperature
of the transition to the superconducting
state of these compounds exceeded the boil-
ing point of liquid nitrogen (= 77 K) — a
relatively cheap refrigerant. However, the
discovery made did not fully solve the above
problem, since the record value of the criti-
cal temperature of the transition T, into the
superconducting state of these compounds
only reached = 164 K.

The next very significant achievement in
solving the described problem was the dis-
covery of superconductivity in compounds
of metals with hydrogen (hydrides) [7, 8].
For example, it was found that the tempera-
ture T, for the LaH;y compound reaches the
value = 250 K, which is very close to room
temperature. However, superconductivity in
hydrides is realized only under significant
pressure > 150 GPa.

Thus, based on the objective information
presented above, we can conclude that the
task of searching for new, technically ac-
ceptable conditions under which the transi-
tion of metals into a superconducting state
at room temperature can be realized is still
very urgent.

638

In this paper, we discuss the possibility
of achieving this purpose under conditions
of artificial generation of additional high-
frequency phonons in a metal when the
metal is irradiated with a powerful light
flux (photoacoustic effect).

2. Physical concept and
theoretical estimates

Currently, clearly established that the
main mechanism of superconductivity in
metals is the electron-phonon interaction.
The microscopic theory of this mechanism
was developed in 1957 by Nobel laureates
(Bardeen, Cooper, Schrieffer) and is known
in the scientific world as the BCS theory
[9]. According to this theory, as a result of
electron-phonon interaction in a metal,
under certain conditions, bound pairs of
electrons (Cooper pairs) are formed, which
can transfer an electric charge without scat-
tering and, accordingly, without energy
consumption (electrical superconductivity).
In accordance with the BCS theory, the re-
lationship that characterizes the critical
temperature of a metal transition into a su-
perconducting state has the form:

T, = Gexp[-1/(A — w]. (1)

Here 0 is the characteristic temperature
(Debye temperature) of the metal, which is
specified by the maximum frequency of the
phonon spectrum vmaX: Q= pvmaX/k (h is
Planck’s constant, £ is Boltzmann’s constant,
A is the electron pairing constant, u is the
so-called Coulomb pseudopotential, which
takes into account direct electron-electron re-
pulsion (as a rule, u = 0.1-0.15). Relation (1)
is fulfilled for a relatively weak pairing of
electrons, i.e. at values A < 1. So, for exam-
ple, at the value of the Debye temperature
0 = 100 K (the typical order of this parame-
ter magnitude for metals) and by A = 0.3 (as-
suming that pu = 0), in accordance with (1),
we have: T, =5 K. This quantitative esti-
mate is in good agreement with experimen-
tal data. It also follows from relation (1)
that the critical temperature T, can be in-
creased if an additional amount of high-fre-
quency phonons is excited in the metal, i.e.,
in fact, to realize the desired effect, it is
necessary to change the phonon spectrum of
the metal in such a way that the Debye
temperature increases. For metals, the
Debye temperature is determined by the
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maximum frequency v"®* = p/2a, where v is
the speed of sound, a is the crystal lattice
parameter. Since in order of magnitude
v=10% m/s, and the lattice parameter:
a =210719 m, then the wvalue vmax jg
=2.1012 1/s. Accordingly, for most classical
metals, the values of the Debye temperature
are characterized by an interval from =100
to 800 K. Thus, it can be assumed that with
artificial excitation of a sound wave with a
frequency v > v"2% in a metal, it is possible
to achieve an increase in the Debye tempera-
ture of the metal and, accordingly, an to
increase in the critical temperature of its
transition to the superconducting state.

An increased frequency of vibrations of
atoms in metals can be caused by irradiat-
ing the metal with a stream of light of a
certain power. This is evidenced by the ex-
istence of the so-called photoacoustic effect
[10]. According to the authors of [10], the
flux of photons created by a laser and hav-
ing a power density =102 W/m?2 at pulse
duration =1078 s, creates on the metal sur-
face a shock wave of magnitude
P =10 GPa. Accordingly, a sound wave
arises in the volume of the metal, the fre-
quency of which is given by the relation

Vv = 8P/hny,. (2

Here np;, is the phonon density, the value of
which, in turn, can be estimated using the
following relation:

Rpp = 3kT/ hvmaxg3, 3

Substituting in relations (2) and (3) the nu-
merical values of the constants, as well as
the values of P, a, v M@ and T =300 K
(room temperature) we obtain v=5.1013 1/s.
Thus, irradiating a metal with laser pulses
of average power, it is possible to ensure
the presence of phonons in its phonon spec-
trum, the frequency of which is more than
an order of magnitude higher than the char-
acteristic value p™#X_ In this case, the wave-
length of the laser beam L, capable of provid-
ing the generation of an acoustic wave of the
specified frequency v, is characterized by the
value =5.1070% m, which corresponds to the
lower limit of the infrared region of light
radiation. Lasers with the above radiation pa-
rameters are now widely used and, therefore,
the generation of a high-frequency sound
wave in metals using pulsed laser irradiation
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is technically quite realizable [11]. It should
be borne in mind the following important
circumstance. An increase in the Debye tem-
perature of a superconductor can also cause
an increase in the electron pairing constant

A. So, for example, the pairing constant A for
hydrides, due to the smallness of the crystal
lattice parameter and the low mass of hydro-
gen atoms, according to different estimates

reaches the values = 2+5. With such a "strong”
pairing, relation (1) is not applicable and in-
stead of it another relation is fulfilled:

(it is assumed that the Coulomb pseudo-po-
tential = 0) [12].

Thus, based on the estimates made, it can
be concluded that a metal with artificially
created high-frequency phonons should be
characterized by an increased value of the
Debye temperature =103 K. If, in this case,
the pairing constant increases, for example,
to a value of =4, then, in accordance with (4),
the critical temperature of the transition to
the superconducting state can reach the value
T, =400 K. Of course, this value of T, is an
estimate, but it indicates that metals under
conditions of laser irradiation of a certain
power can become superconductors at tem-
peratures close to room temperature.

3. Conclusions

Based on the analysis performed and the
quantitative estimates made, the following
conclusions can be drawn.

Using laser light with a wavelength
=5-107% m and pulse duration =108 s when the
laser power density is reached =102NW/m? it
is possible to cause a shock wave in the volume
of the metal up to = 10 GPa.

As a result of the photoacoustic effect, a
shock wave caused by laser irradiation accom-
panied by the generation of phonons charac-
terized by a frequency =1013 1/s which is an
order of magnitude higher than the maximum
value of this parameter in metals.

Artificial generation of high-frequency
phonons can cause an increase in the Debye
temperature to the value =103 K, as well as
an increase in the value of the electron pair-
ing constant A > 1. Consequently, according
to the estimates made, the critical tempera-
ture of the transition to the superconducting
state of a metal irradiated by laser pulses can
reach a value close to room temperature.
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